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Medullary sponge kidney and renal acidification defect
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Medullary sponge kidney and renal acidification defect. Medullary
sponge kidney (MS K) is one of the entities which comprises a subclass
of renal cystic disorders. While the clinical signs, symptoms, and
radiological findings have been well documented in the past, the
literature concerning renal function in these patients is relatively
sparse. Thus, the purpose of the present studies was to examine the
renal function in 11 patients with MSK and compare them to seven
healthy volunteers and ten control patients with bilateral renal stones.
Patients with MSK had normal GFR, RPF, and capacity to dilute urine;
however, their urine concentrating ability was diminished. Urine pH in
MSK patients was higher than in control patients with NH4CI adminis-
tration, while titratable acid excretion was lower than normal. Steady-
state plasma bicarbonate concentration was lower in MSK patients than
in controls but arterial pH was within normal limits. These studies
suggest that MSK patients have defects in urinary acidification and
concentration mechanisms which may, in part, be the result of function-
al abnormality of the terminal collecting ducts.
Rein en éponge et trouble d'acidification renal. Le rein en éponge
(MSK) est une des entités qui comporte une sous-classe de maladies
kystiques rénales. Bien que les signes cliniques, les symptômes, et les
anomalies radiologiques aient été bien documentés dans Ic passé, Ia
littérature concernant Ia fonction rénale chez ces malades est relative-
ment pauvre. Ainsi, le but du present travail a Cté d'examiner Ia
fonction rénale chez 11 malades atteints de MSK, et de les comparer a
sept volontaires sains et dix malades contrôles atteints de calculs
rénaux bilatéraux. Les malades avec MSK avaient un GFR, un RPF, et
une capacité de dilution des urines normaux; cependant, leur capacité
de concentrer les urines Ctait diminuée. Le pH urinaire des malades
atteints de MSK était plus élevé que celui des sujets contrôles lors
d'une administration de NH4CI, alors que l'excrétion d'acidité titrable
ëtait plus faible que Ia normale. La concentration de bicarbonate
plasmatique a l'equilibre était plus basse chez les malades atteints de
MSK que chez les contrôles, mais le pH artériel était dans les limites de
Ia normale. Ces etudes suggerent que les malades atteints de MSK ont
des défauts des mécanismes d'acidification et de concentration urin-
aires qui pourraient, en partie, résulter d'anomalies fonctionnelles des
canaux collecteurs terminaux.
Although hundreds of patients with medullary sponge kidney
(MSK) have been reported, their renal function has not been
studied in detail. A number of clinical studies [1—6] have shown
that patients with MSK have normal glomerular filtration rate
(GFR) and renal plasma flow (RPF). However, controversy still
exists concerning the issue of whether renal acidification in
these patients is impaired [2—5] or normal [1, 61. Since urolithia-
sis is a common complication in patients with MSK, reduced
ability to concentrate the urine [2, 4], as well as impaired
capacity to acidify the urine, might be secondary to urolithiasis.
Because of these considerations, patients with bilateral renal
stones (BRS) were also used as control subjects in this study.
Methods
Seven healthy volunteers, 11 patients with bilateral MSK,
and ten patients with BRS were examined during hospitaliza-
tion. MSK was confirmed by urography according to previously
established criteria [7—9]. Patients with unilaterally or segmen-
tally affected kidneys were excluded from the present studies.
Patients who had urinary tract infections or obstructive uropa-
thy at the time of evaluation were also excluded from the study.
None of the patients with MSK or BRS had received medica-
tion prior to the studies. While a human research committee
does not exist at the University of Tokyo, Tokyo, Japan, an
informed consent was obtained from every subject after the
nature of the procedures had been fully explained.
Concentration test. The patient remained in a fasting state
until the completion of the test after a dry supper was eaten at 5
P.M. of day I. The bladder was emptied before retiring. On day
2 eight urine samples were collected at the end of every hour
starting at 6 A.M. to 1 P.M. From 9 A.M. to 1 P.M. subjects were
infused with 260 ml of 5% dextrose solution containing 12 g of
inulin' (Nakarai Chemicals LTD, Kyoto, Japan), 3 g of para-
aminohippurate (PAH, Daiichi Seiyaku, Tokyo, Japan), and
1,000 mU of vasopressin (Pitressin, Parke-Davis, Detroit,
Michigan). The infusion rate was maintained at 60 mI/hr by an
infusion pump (IVAC 530, IVAC Co., San Diego, California)
[10]. Urine volume and osmolality were measured each time.
The urine samples obtained at 1 P.M. were analyzed for inulin
and PAH.
Diluting test. This test was conducted after an ordinary
breakfast at 7 A.M. After 1-hr urine collection at 9 A.M., 20
mi/kg body wt water was administered orally over a 30-mm
period followed by sustained water intake at a rate of 5 mllkg
body wt/30 mm throughout the test. Dextrose solution (5%, 520
ml) containing 12 g inulin and 2 g PAH was infused at a rate of
260 ml/hr from 9:30 to 11:30 A.M. Clearance studies were
performed on the last three 20-mm urine samples, Samples were
accepted when the urine volume exceeded 13 mllmin.
Acidification test. The method followed was that of Wrong
'Commercially purchased inulin powder was prepared for human
research by sterilization and bottled in ampules in the pharmaceutical
supply room of the University of Tokyo Hospital.
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and Davies [11]. Ordinary breakfast and lunch were given.
Approximately 150 ml of water was administered every hour
from 7 A.M. to 4 P.M. to keep urine volume as constant as
possible. Divided small amounts of ammonium chloride
wrapped in a wafer totaling 0.1 g/kg body wt were given orally
over 1 hr between 9 and 10 A.M. Eight urine samples were
collected through an indwelling urethral catheter from 9 A.M. to
4 P.M. Arterial blood samples were obtained prior to and about
3 hr after the administration of ammonium chloride. Sodium,
potassium, pH, and Pco2 of each urine and blood sample were
measured. Ammonium and titratable acid were also measured
on urine samples.
Analytical method. Inulin concentration was determined by
the anthrone method [12] and PAH by the method of Smith et at
[13]. Inulin clearance (C1) was calculated as
Cm = UV >< U1/P1,
where UV represents urine volume; U1, urinary inulin concen-
tration; and Pin, plasma inulin concentration. PAH clearance
(CPAH) was calculated as
CPAH = UV x UPAH/PPAH (2)
where UPAH and PAI-I were urinary and plasma PAH concen-
tration, respectively. Sodium and potassium were measured by
flame photometer (Model 200-20, Hitachi LTD, Tokyo, Japan),
Cl by chloridometer (Model 4-2500, Buehler Instruments, Inc.,
Fort Lee, New Jersey), creatinine by the modified method of
Folin-Wu [14] and osmolality by an osmometer (Advanced
Digimatic, Advanced Instruments, Inc., Needham Heights,
Massachusetts). Blood pH and Pco2 were measured by a gas
analyzer (Model 165/2, Corning Medical, Medfield, Massachu-
setts), and HCO3 was determined by the Henderson-Hassel-
balch equation. Urinary pH and Pco2 were measured by pH
glass electrode (Model 601, Orion Research Inc., Cambridge,
Massachusetts) and a gas analyzer, respectively. Because the
concentration of ammonium and titratable acid of frozen stored
samples has been reported to be essentially the same as that of a
fresh sample [15], and because this was confirmed by the
authors, urine samples were stored in a deep freeze until
measurements were performed. Urinary ammonium was deter-
mined by an ammonia electrode (Model 95-10, Orion Research,
Inc., Cambridge, Massachusetts) and titratable acid by titrating
urine back to blood pH with 0.1 N NaOH. Urinary bicarbonate
was calculated as follows [16]:
log HCO3 = pH — 6.33 + log s Pco2
+ 0.5 V (Na) + (K) (S = 0.0309)
Net hydrogen ion equals titratable acid plus ammonium ion
minus bicarbonate. The clearance of free water (CH2O) was
calculated by the following formulae:
CH,O = UV — Csm
Csm = UVX Uosm/Posm
Where UOsm represents urinary osmolality; Osm, plasma osmo-
lality. Tubular reabsorption of free water (T2o) was calculated
as T20 =
—CH2O. Chloride clearance (Cc1) was calculated as
Cc1 = UV X LTc1/Pci (6)
where U1 represents urinary chloride and Pci, plasma chloride
concentration. Delivery of proximal fluid to distal tubules was
estimated as
(CH,o + Cc1)/C1 X 100 (7)
and distal chloride reabsorption as
CH,o/Clfl x 100. (8)
Statistical significance was determined by paired or unpaired
Student's t test and linear regression analysis was used when
appropriate. Data are shown as mean SEM. The terms
"significant" or "significantly different" were used to describe
a difference which had a P value of less than 0.05.
Results
General description of patients. Plasma sodium, potassium,
(1) chloride, calcium, and phosphate were within the normal rangein all subjects examined (data are not shown). The mean age of
the MSK patients was 48.5 and seven out of 11 patients were
female (Table 1).
Clearance study. GFRs measured by C1 were not significant-
ly different among the three groups (Table I). RPFs assessed by
CPAH were also not different among the three groups. C1
measured during water loading was greater than that measured
during water deprivation in each group when compared by
paired t test. With water loading, CPAH was increased signifi-
cantly in the normal controls, but a similar increase was not
demonstrated either in the MSK or BRS group.
The results indicated that the GFR and RPF in the patients
with MSK were within normal range, although slight reductions
were observed in patients numbered 1, 2, and 6.
Urine concentration test. The highest value obtained during
the concentration test is shown in Table 1. The patients with
MSK and BRS could not concentrate the urine to normal levels
during water deprivation. Since the normal subjects were
younger than the other two groups, additional concentration
tests were carried out on five other normal subjects matched for
age. The maximal urinary osmolality in 11 normal subjects (age,
38 4) was 927 38 mOsm/kg H20. This value was still
significantly higher than that in the MSK group (P < 0.005).
Tubular reabsorption of free water T0 during water depriva-
tion was low in MSK and BRS groups, but the values were not
significantly different from those found in the normal control
group (1.27 0.20 in control, 0.79 0.12 in MSK, and 0.92
0.10 mllmin in BRS). Urine concentration ability was impaired
in all but one patient each of the MSK and BRS groups (no. 5 of
the MSK group and 3 of the BRS).
(3) Free water clearance. The results are shown in Figure 1.
Linear regression lines for normal controls, MSK, and BRS
were y = 0.74x + 1.79, y = 0.76x + 1.83 and y = 0.93x — 0.53,
respectively. The slopes of the three regression expressions
were not significantly different from each other. Minimal un-
(4) nary osmolality during water loading was not different among
the three groups (Table 1). Chloride reabsorptive capacity
across the diluting nephron segment was normal in the patients
with MSK (Fig. 1).
Acid-base status. Under acute acid loading, urine pH in the
patients with MSK did not decrease to the same extent as that
in the normal control or BRS groups (Fig. 2). All normal
subjects and patients with BRS could lower urine pH below 5.1,
whereas nine patients with MSK could not do so (Table 2).
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Table 1. Renal function studies
Normal subjects
25/F
2 22/F
3 23/M
4 37/M
5 2l/M
6 31/F
7 30/M
103 442 0.233
110 418 0.266
88 455 0.289
95 323 0.293
115 461 0.251
119 455 0.261
105 405 0.259
120 548 0.219
120 — —
124 483 0.256
102 373 0.260
116 590 0.196
119 488 0.245
118 — —
Mean
SEM
105
4
423 0.265
18 0.008
496 0.235
37 0.012
1009 59
38 3
Patients with medullary sponge kidney
55/F 75
2 52/M 72
3 28/M 170
4 49/F 104
5 56/F —
6 61/M 70
7 44/F 99
8 59/F 121
9 45/F 82
10 59/M 123
11 26/F 142
Mean
Patients with bilateral renal stones
34/M
2 34/M
3 31/M
4 41/M
5 34/M
6 50/M
7 52/M
8 45/F
9 41/F
10 40/M
415 0.239
348 0.234
572 0.181
293 0.350
318 0.288
506 0.166
379 0.288
252 0.376
161 613 0.252
115 535 0.215
133 611 0.218
109 442 0.249
157 682 0.243
80 315 0.257
93 365 0.291
101 423 0.233
104 372 0.276
113 308 0.369
Abbreviations: C1,,, inulin clearance; CPAH, PAH clearance; FF, filtration fraction; NS, not significant.
Patients 5 and 7 with MSK could lower urine pH below this
value. Four patients with MSK could not lower urine pH below
5.33, the mean minimal urine pH plus 2 SD from the normal
control value. Impaired urine acidification could not be as-
cribed to a decrease in GFR. The differences in urine pH during
the acidification test could not be explained by the differences
in blood acid-base status since blood pH and HC03 were not
different among the groups (Table 3).
Among the three groups there was no significant difference in
the renal excretion of net hydrogen ion, although a slightly
lower value was observed in the MSK group (Table 2). Ammo-
nium ion excretion was not different among the three groups.
The relationship between ammonium excretion and urine pH
was normal in the patients with MSK (Fig. 3). However,
titratable acid excretion in the patients with MSK was signifi-
cantly lower than that in the normal controls (Table 2). No
bicarbonate wastage into urine was observed in any of the
subjects examined (Table 2).
While patients 3, 6, 9 and 10 with MSK had normal acid base
status, the mean plasma bicarbonate of the MSK group was
significantly lower than that of the normal control subjects (P <
0.025) or the BRS group (P < 0.01). Arterial pH, however, was
maintained within the normal range by respiratory compensa-
tion in all but patient 7.
Discussion
Medullary sponge kidney has been defined as a distinct
pathologic entity because of the seemingly invariable associa-
tion of the medullary cystic changes and characteristic urogra-
phic patterns. One or several medullary cysts are frequently
Patient
Antidiuresis Water diuresis
Urinary osmolality
.Maxi- Mini-
mum mumCIN CPAH FF CIN CPAH FF
No. Age/Sex ml/min/1.73 m2 ml/min/1.73 m2 mOsm/kg H20
1227
1002
979
959
951
939
1005
117
3
73
55
58
58
63
45
60
P (vs. Control)
— — 88 354 0.247 410 41
300 0.239 97 391 0.248 817 53
715 0.238 178 940 0.182 816 39
409
—
0.254
—
119
120
477
452
0.284
0.264
859
1085
59
71
236 0.295 105 511 0.235 587 55
370 0.268 118 404 0.294 679 51
546 0.22l 115 370 0.305 665 44
417 0.197 110 368 0.300 633 41
459 0.269 105 441 0.239 700 48
597 0.238 156 664 0.234 672 57
106 450 0.247 119 488 0.257 720 51
11 50 0.010 8 52 0.011 52 3
NS NS NS NS NS NS <0.005 NS
104
99
104
85
112
90
91
84
109
95
Mean
P (vs. Control)
P (vs. MSK)
684
845
1116
839
774
601
726
693
699
825
50
47
54
61
46
58
63
95
65
52
97 385 0.260 117 466 0.260 780 59
3 38 0.024 8 43 0.014 45 4
NS NS NS NS NS NS <0.005 NS
NS NS NS NS NS NS NS NS
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CHO + C1 mi/min/di GFR
Fig. 1. Relationship between distal chloride reabsorption represented
by CH2o/CJ and fractional distal chloride delivery represented by (CH,o
+ C,)IC1,, during peak water diuresis. Symbols are: E, control
subjects; •, medullary sponge kidney patients; 0, bilateral stones
patients.
located in the cysts or calyxes [7—9]. These findings have been
the subject of a number of reviews [1, 8, 91.
The present study is the largest group of patients with MSK
examined with respect to their acidification characteristics.
They disclose several previously reported features of renal
function in patients with MSK. The MSK patients had normal
GFR, RPF, and the capacity to reabsorb chloride across the
diluting nephron segment. However, in addition, about 80% of
the patients had an impaired urine acidification ability and 90%
of them had an impaired ability to concentrate urine.
As noted in Table 2, about 80% of the patients with MSK had
a defect in lowering urine pH in response to an ammonium
chloride load. The mean minimal urinary pH in normal control
subjects in response to the NH4CI loading was 4.78 (Table 2).
All of these subjects lowered their urine pH to values less than
5.10. However, 80% of the patients with MSK failed to lower
their urine pH below 5.10. The normal minimal urinary pH
varies from report to report [11, 17, 18]. If we assume the
normal minimal range of urine pH is the measured mean of 4.78
2 SD in our patient population, we then obtain an upper limit
normal value of 5.33. It is of interest that only seven patients
with MSK could lower their urine pH below 5.33 (Table 2) with
only two patients lowering their urine pH below 5.1. Using
these values, it is evident that patients 1, 3, 10, and 11 fit the
definition of incomplete renal tubular acidosis [11, 17]. This
acidification defect is not explained by a decrease in GFR,
because three out of four patients who could not lower urine pH
below 5.33 had normal GFR (nos. 3, 10, and 11). Thus, the
present study provides more detailed observation concerning
the renal acidification in the patients with MSK, that is, about
80% of them have acidification defect [2—5] while another 20%
have normal acidification capacity [1, 6].
Impaired urine acidification demonstrated in the patients with
MSK was not interpreted as a consequence of inflammatory
changes since the normal acidification pattern was demonstrat-
ed in the patients with BRS. In fact, patients 1, 6, and 7 in BRS
could lower urine pH normally despite the severe pyelonephrit-
ic changes caused by multiple and recurrent renal stones. In a
Fig. 2. Changes of mean urine pH during ammonium chloride loading
test. Symbols are: fl—s, control subjects; •—•, medullary sponge
kidney subjects; O---0, bilateral renal stones subjects. P values show
comparisons between the normal control and the MSK group, that is, ,
P < 0.025,**; P < 0.005.
recent study using a microelectrode, Graber et a! [19] showed
that tubular fluid became acid a few millimeters along the
terminal portion of the collecting duct of the rat kidney. The
terminal portion of the collecting duct has the capacity to
generate steep pH gradients between tubular fluid and interstiti-
tial fluid in acidosis. This study supports the finding of defective
urine acidification in MSK where the terminal collecting ducts
are involved by cystic dilatation.
The low titratable acid excretion found in MSK seems to
reflect the relatively high urine pH observed rather than a
reduced excretion of buffer, because the main buffer, phos-
phate, is a relatively unimportant buffer at the pH range of 5.1
to 4.8.
Net hydrogen-ion excretion expresses the capacity of the
kidney to regenerate bicarbonate [17]. The low plasma level of
bicarbonate found in 60% of the patients can be related to the
low net hydrogen-ion excretion. Because recently Madias et al
[20] showed that approximately 50% of the normal variance in
the plasma bicarbonate concentration was explained simply by
the variance in Pco2, we plotted the plasma bicarbonate con-
centration against Pco2 in Figure 4. It is to be noted that seven
patients with MSK had a bicarbonate concentration which was
too low to be explained by a variance in Pco2. Although 80% of
the patients with MSK failed to lower the urine pH below 5.1
(and four patients fit the diagnosis of incomplete renal tubular
acidosis), the derangement in excretion of net hydrogen ion was
too slight to develop systemic acidosis as a result of respiratory
compensation. Three cases of incomplete renal tubular acidosis
reported by Wrong and Davies [11] excreted abnormally large
amounts of ammonium. Their conclusion was that the patients
with incomplete renal tubular acidosis could correct the acido-
sis by virtue of excretion of large quantities of ammonium.
However, ammonium excretion in subjects with incomplete
renal tubular acidosis was reported to be normal in several
other studies [5, 21]. Our findings in MSK agree with these
studies. On the other hand, subnormal excretion of ammonium
was reported [2, 3, 6] in the patients with MSK. This might be
.
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Table 2. Acid-base status and short ammonium chloride loading tests
Urine
Titratable
Net H+ excretion NH4 excretion acid excretion
FEHCO3-%
Arterial blood
pH
Pco2 HCO3
mmHg mEqiliter Comment
Minimal B+ At
Patient no. pW Eq/hrIkg
B+ At
p.Eq/hrlkg
B+ At
p.Eq/hr/kg
Normal control (N = 7)
Mean 4.78 22.3 65.3 22.6 43.7 5.3 22.2 0.17 7.38 42.0 25.0
0.12 6.5 5.0 4.7 3.4 1.7 2.5 0.05 0.01 1.0 0.2
Medullary sponge kidney group
5.70 30.8 41.3 19.9 31.9 12.5 13.8 0.07 7.41 36.0 22.6 MA+RC
2 5.26 25.0 42.6 16.8 29.7 8.6 13.6 0.07 7.38 34.2 19.8 MA+RC
3 5.44 15.4 54.5 13.8 46.5 2.0 12.2 0.24 7.38 40.3 23.9 N
4 5.23 36.0 80.4 24.6 66.6 11.6 15.4 0.02 7.37 37.3 21.1 MA+RC
5 4.94 17.6 98.2 14.1 77.2 3.9 21.8 0.08 7.39 36.8 22.0 MA+RC
6 5.17 25.3 52.2 17.1 29.7 8.6 20.9 0.02 7.39 44.1 26.5 N
7 5.05 29.5 54.9 28.3 32.3 5.5 13.0 0.31 7.31 38.1 18.9 MA+RC
8 5.11 46.5 85.9 20.2 63.1 26.4 23.7 0.01 7.41 34.0 21.6 MA+RC
9 5.19 23.8 39.4 16.2 26.4 9.7 13.9 0.20 7.39 41.7 25.3 N
10 5.33 32.0 55.7 23.5 45.8 8.6 11.3 0.10 7.39 39.2 23.6 N
11 5.68 6.7 49.8 11.3 39.7 3.8 14.3 0.79 7.37 30.1 17.3 MA+RC
Mean 5.28 26.2 59.5 18.7 44.4 9.2 15.8 0.17 7.38 37.4 22.1
0.07 3.2 5.9 1.5 5.2 2.0 1.3 0.07 0.01 1.2 0.8
P (vs.
control) <0.005 NS NS NS NS NS <0.025 NS NS <0.0235 <0.025
Bilateral renal stones group
4.99 12.2 60.1 27.3 41.2 5.1 25.5 0.93 7.41 40.5 25.7 N
2 4.86 18.2 58.4 12.2 46.7 6.2 23.3 0.02 7.41 42.3 26.8 N
3 5.00 18.4 67.7 15.2 51.4 5.2 16.8 0.15 7.41 40.0 25.0 N
4 4.89 33.8 73.1 20.6 49.4 13.3 24.0 0.01 7.40 45.0 28.3 RA+MC
5 4.69 25.9 57.7 24.3 41.8 8.1 23.7 0.01 7.39 41.6 25.3 N
6 4.91 23.3 49.9 18.4 34.0 7.7 16.6 0.42 7.40 40.1 24.7 N
7 4.93 47.4 65.6 32.6 46.1 15.0 20.0 0.18 7.30 46.7 22.6 RA (+MA)
8 4.55 39.6 52.2 30.3 34.1 10.6 18.7 0.17 7.35 44.3 24.1 RA
9 4.66 25.9 49.7 17.0 30.2 9.3 23.0 0.05 7.39 41.9 25.0 N
10 4.53 27.5 43.6 20.4 26.4 10.0 18.7 0.23 7.33 44.3 23.2 RA (+MA)
Mean 4.80 27.2 57.8 21.8 40.1 9.0 21.0 0.22 7.38 42.7 25.1
0.06 3.3 2.9 2.1 2.7 1.1 3.2 0.09 0.01 0.7 0.5
P (vs.
control) NS NS NS NS NS NS NS NS NS NS NS
P (vs.
MSK) <0.001 NS NS NS NS NS <0.01 NS NS <0.05 <0.01
Abbreviations: B +, urinary excretion of net H, NH4, or titratable acid before acute acid challenge; At, urinary excretion of net H, NH4, or
titratable acid after acute acid challenge—these values are the mean of 6 hr after the acid load; FEHCO3-, fractional HC03, excretion of filtered
load during normal hydration; MA, metabolic acidosis; RA, respiratory acidosis; RC, respiratory compensation; MC, metabolic compensation; N,
normal; N, number; NS, not significant.
a Minimal pH represents the minimal urinary pH observed during acute acid challenge.
the consequence(s) of a relatively high urine pH, a reduced dehydration and infusion of pitressin did not increase urinary
GFR, or severe pyelonephritis. Since ammonia is not produced osmolality further in any of the three groups. The defect in urine
mainly in the renal medulla [22], the present finding of normal concentration might be the consequence of inflammation in the
ammonium excretion seems reasonable. medullary region since inflammatory changes were encountered
About 90% of the patients with MSK had an impaired ability in the renal medulla of MSK patients even in those where there
to concentrate their urine (Table 1). These findings agree with was no clinical evidence of infection [7].
the report by Granberg, Lagergren, and Theve [41. The driving In summary, the majority of the patients with MSK were
force to concentrate the urine is active chloride reabsorption unable to lower their urinary pH values normally in response to
across the thick ascending limb of Henle [23], and this driving NH4C1 loading; 30 to 40% of the MSK patients fit the definition
force was shown to be intact in both MSK and BRS groups. of incomplete renal tubular acidosis of the distal type. While
Insufficient circulating antidiuretic hormone does not seem to plasma bicarbonate concentration was low in 65% of the
be the cause of the concentration defect since prolonged patients, these patients maintained a normal arterial pH as the
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Table 3. Arterial blood gas data after NH4CI loading
Patient groups pH Pco2 HC03
Control Mean 7.30
0.01
38.4
1.2
18.6
0.6
Medullary sponge Mean 7.30 35.7 17.8
kidney 0.01 1.6 0.9
P (vs. control) NS NS NS
Bilateral renal Mean 7.30 38.0 19.2
stones 0.02 1.2 0.9
P (vs. control)
P (vs. MSK)
NS
NS
NS
NS
NS
NS
a Data were obtained 2.5 to 3.5 hr after NH4CI loading.
result of respiratory compensation. The patients with MSK as
well as BRS could not concentrate urine normally. The demon-
strated urine acidification defects and concentration defects in
MSK patients are, in part, the result of functional derangements
of the terminal collecting ducts.
Acknowledgments
Portions of this study were presented at the 8th International Con-
gress of Nephrology, Athens, Greece, June II, 1981. This work was
supported in part by funds from the Japanese Educational Ministry. The
authors acknowledge Drs. D. W. Seldin and J. P. Kokko for helpful
criticisms of the manuscript and thank Drs. K. Koiso, K. Kinoshita, K.
Isurugi, M. Yokoyama, K. Kawabe, R. Mikata, and T. Kakizoe for
referring patients with medullary sponge kidney to them. They also
thank Miss H. Hatano for technical assistance and Miss N. lwahashi,
Miss E. Fukazawa, and Ms. K. Williams for secretarial assistance.
Reprint requests to Dr. E. Higashihara, The Department of Urology.
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan
5.0
. .
• 24. .
.
,ip) ':.•
•::'.••'
4.0 6.0 6.0 7.0
Urine pH
Fig. 3. Relationship between urinary excretion of ammonium and urine
pH in the patients with medullary sponge kidney (MSK). The linear
regression line for MSK is log NH4 = 2.27 — 0.140 x UpH, for which
the correlation coefficient is —0.276 (p < 0.01). Neither the slope nor
the y intercept differ from that of normal control (log NH4 = 2.66
0.207 x UpH).
.
.
.
S
S
,
30 32 34 36 38 40 42 44 46 48
Arterial CO2 pressure, mm Hg
Fig. 4. Relationship between arterial carbon dioxide tension and
bicarbonate concentration. The elliptical region is 90% joint confidence
reported by Madias et al [241. Seven out of 11 patients with medullary
sponge kidney located outside the elliptical region had low plasma
bicarbonate. The specific significance of the aberrant points is stated in
Table 2. Symbols are the same as those used in Figure 1.
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